Studies on the synovial fluid lipoproteins were initiated several years ago. In 1953 Ropes and Bauer (1) reported on the cholesterol content of joint fluid from patients with rheumatoid arthritis. Subsequently Schmid and MacNair (2, 3) noted that when referred to the same amount of protein rather than volume of fluid, the lipoprotein content of pathological and pooled postmortem synovial fluids was very similar and amounted to approximately two-thirds of the corresponding value of normal human serum. The ratio of f8-to a-lipoproteins of certain fluids from patients with rheumatoid arthritis, however, was essentially the same as that of the patient's serum. Recently Chung, Shanahan, and Brown (4) and Bole (5) studied the lipid content of the different classes of synovial fluids, as did Schur and Sandson (6) , who stated that 83-lipoprotein was markedly decreased as compared to normal serum.
Since most of the fractionation procedures used separated the serum and synovial fluid lipoproteins into only two groups, the reported results led to a very rough description of these substances. The use of ultracentrifugal techniques would permit characterization of essentially all classes of lipoproteins of serum and synovial fluid and the detection of small differences that might be found in various lipoprotein classes. The present study therefore was undertaken a) to assess analytical ultracentrifugation methodology in the analysis of synovial fluid lipoproteins, b) to compare synovial fluid and serum lipoprotein levels in a given patient, and c) to determine whether different * Submitted for publication February 3, 1964 ; accepted July 9, 1964. Grants in support of added to 2 ml of serum and the density of the 6.00 ml aqueous NaBr (1.328) added to 4 ml of synovial fluid were calculated from the equation (10) 2) Synovial fluid. Exactly 4 ml of synovial fluid (density 4 1.008, 200 C) was pipetted into a 12-ml lusteroid tube. To obtain a final density of 1.200, 6.00 ml of an aqueous solution of NaBr, density 1.3285 (200 C), was added. Subsequent operations were the same for synovial fluid and serum. B) Analytical ultracentrifugation. A sample of the lipoprotein concentrate described above was placed in an analytical cell with a plus-one degree prismatic window and spun in the An-D analytical rotor of the ultracentrifuge at 42,040 rpm for 64 minutes at 260 C. The time taken to reach full speed was 420 seconds. One-third of this time (140 seconds) was taken as time of equivalent force at full speed and used for the calculation of the flotation constants [Sf (1.20) ]. Pictures were taken at 0, 2, 12, 14, 24, 44, and 64 minutes after full speed had been obtained. The same analytical wedge cell was used throughout the entire study. Base-line solutions were also run in the same cell before analysis of lipoprotein. Base-line solutions for serum and synovial fluid were made up by mixing the same mock solutions for serum and synovial fluid (aqueous NaCl with a density of 1.006) with the corresponding NaBr solution in volume ratios as indicated above to give a final density of 1.20 each. No corrections for the sedimentation of salt during preparative ultracentrifugation were made. As Del Gatto and co-workers (9) showed, this introduces a very minute error which is comparable to that of the procedure. In addition, it should be emphasized that the serum of each patient was run in parallel as a control for the synovial fluid.
To delineate the boundaries of the five major classes of lipoproteins, the Sf (1.20) boundaries limiting each class were calculated from the integrated Svedberg equation for ultracentrifugation (11) . The calculated distances of the Sf(i.2o) boundaries to the base of the cell were multiplied by the combined linear magnification of the Schlieren optical system and the enlarger (4.7) and the values plotted on an enlarged template.
The four major classes of serum lipoproteins in NaCl (9) . Vertical alignment of the pattern on the template was accomplished by superimposition of the Schlieren representation of the air space and horizontal alignment by superimposition of the reference edge (11) . The area of each class of lipoproteins was calculated from the enlarged tracing by planimetry. After the area had been corrected for the effects of radial dilution in a sector-shaped cell, it was converted to mg per 100 ml by deLalla and Gofman's modification of Pickel's equation (11) . In these calculations, for the specific refractive increment of the Sf(1.20) 16 to 802 and 0 to 6 lipoproteins, values given in the addendum to the paper of Del Gatto and associates (9) were used, i.e., 0.00130 and 0.00142 (An per g per 100 ml), respectively. For the Sf( .2o 6 to 16 lipoproteins a value of 0.00130 (An per g per 100 ml) was employed. As suggested by previous workers (9) the correction for the Johnston-Ogston effect is not necessary in this procedure and therefore has not been carried out. Since the same workers (9) precisely delineated the relationship between flotation rate and concentrations of the lipoproteins, this relationship was not further studied.
Results I) Control experiments. The effect of incubation with hyaluronidase and storage of synovial fluid on lipoproteins were studied separately. Incubation with hyaluronidase for 3 hours at 370 C produced no significant difference in quantity or distribution of the five major classes of lipoproteins when compared to the nonincubated control (Table III) . There are several checks on the effects of hyaluronidase and incubation at 37°C in Table III . It had been shown before that lipoproteins of serum do not change after 28 days (11) of storage at 0 to 40 C. All samples of serum or synovial fluid were run,-within 28 days of collection. Thus, the data in Table IV substantiate that synovial fluid acts like serum and does not change during the first 33 days of storage. Storage of synovial fluid for 33 days at 40 C also did not change significantly the quantity or distribution of the five major classes of lipoproteins when compared to fresh, unstored synovial fluid (Table IV) . Finally, the serum lipoproteins of three normal young male volunteers were analyzed, and the quantity of lipoproteins of our classes I to V was found to agree with published reports for normal young males (12) . For these com- III) The total lipoprotein to total globulin ratio.
Serum contained considerably more total lipoprotein per gram of total globulin (157 mg per g) than synovial fluid (120 mg per g). This indicates that even when the level of total lipoprotein is adjusted to a comparable level of globulin, a difference still remains.
IV) Lipoproteins of three clinical groups: active rheumatoid arthritis, noninflammatory effusions, and gout. The synovial fluid data were grouped according to clinical and diagnostic criteria into 1) active rheumatoid arthritis (R.A.), 2) noninflammatory effusions, and 3) gout. 6 The following differences were found to exist (Table VI). The total lipoprotein was twice as high in active rheumatoid arthritis (367 mg per 100 ml) as in noninflammatory effusions (170 mg per 100 ml), although it was still lower than that of the patient's serum. Gouty effusions 6 had intermediate levels (287 mg per 100 ml). The increased level of synovial fluid lipoproteins in group 1 (R.A.) was primarily the result of increases in class II, class IV, and class Vb lipoproteins.
Discussion
In the present study the lipoproteins of certain pathological synovial fluids and parallel serums were investigated by the flotation technique at a density of 1.20 to 16 (i.e., Va) space has been given scant attention in the previous literature. One reason is that in serum it indeed constitutes a very small proportion of the total lipoprotein (less than 3%). Although Va is a previously unreported entity in the Sf(1.20) NaBr system, there is evidence that alludes to its presence. For example, several investigators (14-16) noted serum components that floated somewhat faster than HDL2 and had estimated hydrated densities of 1.081. Although the total lipoprotein content of the investigated joint fluids averages approximately 40%o that of serum, this class (Va) of constituents is increased to such a level that its absolute amount is almost double that of serum. Due to the high content of these constituents in joint fluid, the synovial fluid class V lipoproteins revealed a) a refractive index gradient curve that is unlike the spectrum of the corresponding serum lipoproteins and b) a flotation rate of the mid-area position (Figure 2 ) of the total class V components of 4.8 Sf(1.20) while the corresponding value of the same patient's serum was 2.3 Sf(1.20). The latter value obtained in this study is quite comparable to those reported by Del Gatto and associates (9) .
Since the lipoproteins were isolated from both synovial fluid and serum by exactly the same procedure, it is unlikely that Va is an artifact due to the technique employed. Further, the major peak of the Sf(1.20) 16 to 44 class of both body fluids floated at essentially the same rate (with due allowance for the concentration difference), thus making unlikely the possibility that the increased flotation rate of the class V lipoproteins of synovial fluid is due to a difference in density of the background solutions. It should be emphasized that we used paired serum controls in all cases to facilitate interpretation of the ultracentrifugal patterns.
Although it is possible that the Va components Hazelwood (17) , the ultimate explanation of the observed difference between the high density lipoproteins of the two fluids awaits further isolation and physicochemical characterization. Further reasons for the preferential increase of the V. lipoproteins must be sought. Whereas synovial fluid contains low molecular weight dialyzable components in concentrations equivalent to those of the serum, the total protein content of pathological synovial fluids varies between 0.3 and 0.7 times that of normal serum. Although the relative concentrations of the protein molecules are often related to their size, it has become clear that many other factors play a role in normal and pathological states. Altered permeability, altered synovial membrane metabolism, and viscosity changes due to hyaluronate degradation must all be considered. Local synthesis of lipids by the synovial membrane, once considered to be unlikely, now has been demonstrated to occur in at least one unusual situation (18).
Attempts to relate specific lipoprotein patterns to specific types of pathological fluids were hindered by the small number of cases in each subgroup (Table VI) . It would appear, however, that the increases in classes I and III are somewhat greater in the gouty synovial fluids, whereas class Va is not so markedly elevated. Until further studies are obtained on larger groups of fluids, no significance can be attributed to these clinical correlations.
Summary
1) The lipoproteins of synovial fluid and serum obtained from 13 patients with various rheumatic diseases were studied by analytical ultracentrifugation at a density of 1.20 in NaBr.
2) The total synovial fluid lipoprotein was 40%o that of serum. Class I low density lipoprotein was present in only minute amounts; class II was considerably decreased when compared to paired serums. Relative percentages of classes III and IV were comparable in the two body fluids.
3) The class V lipoproteins of synovial fluid, which were arbitrarily divided into Va [ 
